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M O D E R N P H Y S I C S 

B Y R . A . M I L L I K A N 

MY POSITION tonight is somewhat reminiscent of a story 
that my father used to be fond of telling of a Scotch 

preacher who thought that all of the italicised words in the 
Holy Writ were meant to be emphasized, and so he read: "And 
Abraham said unto his servants, saddle me an ass, and they 
saddled him.'1 When one of his parishioners expostulated with 
him and told him that he didn't think that was really what was 
meant, he, being a Scotchman, kept his own opinion, but being 
more or less politic, he said he would change it, and so the next 
time he read: "And Abraham said unto his servant, saddle me 
an ass, and they saddled him." (Laughter.) 

The point of the story is that it doesn't make any difference 
where the emphasis is placed, the situation remains entirely 
unchanged. I am, however, really glad to be saddled tonight, 
because I should like to do a little bit, if I can, towards bridging 
the chasm which we have foolishly—I had almost said idiotically 
—allowed to grow up between the physicist and the applied 
physicist, who commonly is called an engineer. The chemists 
have been very much more sensible, they have not split up 
into two groups, called chemists and applied chemists, and there is 
absolutely no more reason why we should have done so, because 
obviously the physicist is merely the vanguard in the army of 
engineers, the scout, the explorer, who is given the task of trying 
to open up new paths for human progress, of prospecting for 
new leads to nature's gold, and it is just as important that the 
engineer know where he is and what he is doing as it is that he 
know where the army is which is behind and which supports 
him. 

If you have any respect for my subject or any respect for me, 
you will not expect me to outline in the space of one brief hour 
the work of modern physics. It is utterly impossible to do, and 
I can say that without affecting an inordinate egotism. I had 
the good fortune to listen a little while ago to a series of lectures 
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by our honored ex-President, Mr. Taft, on "The Executive 
Power," and he said in those lectures that his friend, Mr. 
Roosevelt, had somewhere classified the Presidents of the United 
States into two groups, the first, the group that had interpreted 
the executive power broadly and exercised it largely, and the 
second, the group that had interpreted it narrowly and exercised 
it sparingly, and he said that he began the first group with Lin
coln and closed it with himself, and that he began the second 
group with Buchanan and closed it with myself—that is, with 
Mr. Taft. Then, with his inimitable chuckle, Taft said, "That 
reminds me of a story about a little boy who came home from 
school and said, 'Papa, did you know I was the brightest student 
in class?' His father replied, 'No, I didn't know it. When 
did the teacher tell you so?' 

"The boy answered, 'The teacher didn't tell me so, I just 
noticed it myself.' " (Laughter.) 

If I appear at all in what I say to have just noticed it myself, 
I beg of you at any rate to believe me that the appreciation is 
an appreciation of the subject, of the method that it uses, of 
the spirit that underlies it, and of the results that have actually 
flowed from it, and not an appreciation of any individual or 
group of individuals. 

The spirit of modern science is something relatively new in 
the world's history, and I want, as an introduction to the main 
address, to give an analysis of what it is. I want to take you 
up in an aeroplane which flies in time rather than in space, and 
look down with you upon the high peaks that distinguish the 
centuries, and let you and me see together what is the distin
guishing characteristic of this century in which we live. I think 
there will be no question at all, if you get far enough out of it 
so that you can see the woods, without having your vision 
clouded by the proximity of the trees, that the thing which is 
characteristic of our modern civilization is the spirit of scien
tific research—a spirit which first grew up in the subject of 
physics, and has spread from that to all the other subjects of 
modern scientific inquiry. 

That spirit has three elements. The first is a philosophy, 
the second is a method, and the third is a faith. Look first at 
the philosophy. I say that is new for the reason that all prim
itive peoples, and many that are not primitive, have held a 
philosophy that is both animastic and fatalistic. Every phe
nomenon which is at all unusual or for any reason not immed-
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iately intelligible used to be attributed to the direct action of 
some invisible personal being. Witness the peopling of the 
woods and streams with spirits by the Greeks; the miracles and 
possession by demons of the Jews; the witchcraft manias of our 
own Puritan forefathers, only two or three hundred years ago 

Now, that a supine fatalism results from such a philosophy is 
to be expected, for according to it everything that happens 
is the will of the gods, or the will of some more powerful beings 
than ourselves. And so, in all the ancient world, and in much 
of the modern also, three blind fates sit down in dark and deep 
inferno and Weave out the fates of men. Man himself is not a 
vital agent in the march of things, he is only a speck, an atom 
which is hurled hither and thither in the play of mysterious, 
titanic uncontrollable forces. 

Now, the philosophy of physics, a philosophy which was held 
at first timidly, always tentatively, always as a mere working 
hypothesis, but yet held with ever increasing conviction from 
the time of Gallileo, when the experimental method may be said to 
have had its beginnings, clear up to the present time, is the 
exact antithesis of the above. Stated in its most sweeping form 
it holds that the universe is ultimately rationally intelligible, 
no matter how far from a complete comprehension of it we may 
now be or indeed may ever come to be. It believes in the 
absolute uniformity of nature. It views the world as a mech
anism, every part and every movement of which fits in some 
definite, invariable way, into the other parts and the other 
movements; and it sets itself the inspiring task of studying 
every phenomenon in the confident hope that the connections 
between it and other phenomena can ultimately be found. It 
will have naught of caprice in nature. It looks askance at 
mysticism in all its forms whether put forth by Dionysus in 
Greece in 300 B. C. or by the devotees of Bergson in Paris in 
1915. That is the spirit, the attitude, the working hypothesis of 
all modern science, and let me say that this philosophy is in. no 
sense materialistic, because good, and mind, and soul, and 
moral values, which is only another word for God, these things 
are all here just as truly as are any physical objects, and with 
that kind of a creed they must simply be inside and not outside 
of this matchless mechanism. 

Second, as to the method of science, it is a method practically 
unknown to the ancient world; for that world was essentially 
subjective in all its thinking and built up its views of things 
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largely by introspection. The scientific method on the other 
hand is a method which is completely objective. It is the method 
of the working hypothesis which is ready for the discard the very 
minute it fails to work. It is the method which believes in a 
minute, careful, wholly dispassionate analysis of a situation; 
and any physicist or engineer who allows the least trace of 
prejudice or preconception to enter into his study of a given 
problem violates the most sacred duty of his profession. This 
present cataclysm which has set the world back a thousand 
years in so many ways, has shown us the pitiful spectacle of 
scientists who have forgotten completely the scientific method, 
and have been controlled simply by prejudice and by precon
ception. This is no reflection on the scientific method, it merely 
means that these men have not been able to carry over the 
methods they use in their science into all the departments of 
their thinking. The world has been controlled by prejudice and 
emotionalism so long that reversions still occur, but the fact 
that these reversions occur after all does not discredit the scien
tist, or make him disbelieve in his method. Why? Simply 
because that method has worked, it is working today, and its 
promise of working tomorrow is larger than it has ever been 
before in the world's history. Do you realize that within the 
life time of men now living, within a hundred years, or one 
hundred and thirty years at most, all the external conditions 
under which man lives his life on this earth have been more 
completely revolutionized than during all the ages of recorded 
history which proceeded? My great grandfather lived essen
tially the same kind of a life, so far as external conditions were 
concerned, as did his Assyrian prototype six thousand years 
ago. He went as far as his own legs or the legs of his horse 
could carry him. He dug his ditch, he mowed his hay, he did 
all the operations of his industrial life, with the power of his 
own two arms, or the power of his wife's two arms, with an 
occasional lift from his horse or his ox. He carried a dried 
potato in his pocket to keep off rheumatism, and he worshiped 
his God in almost the same superstitious way. It was only in 
the beginning of the nineteenth century that the great dis
covery of the ages began to be borne in upon the consciousness 
of mankind through the work of a few patient, indefatigable 
men who had caught the spirit which Gallileo perhaps first 
notably embodied, and passed on to Newton, to Franklin, to 
Faraday, to Maxwell, and to the other great architects of the 
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modern scientific world in which we live,—the discovery that 
man is not a pawn in a game played by higher powers, that 
his external as well as his internal destiny is in his own hands. 
You may prefer to have me call that not a discovery but a faith. 
Very well! It is the faith of the scientist, and it is a faith which 
he will tell you has been justified by works. Take just this one 
illustration, suggested by the opening remarks of your President. 
In the mystical, fatalistic ages which preceded, electricity was 
simply the agent of inscrutable Providence; it was Elijah's fire 
from Heaven sent down to consume the enemies of Jehovah; 
or it was Jove's thunderbolt hurled by an angry God; and it 
was just as impious to study so direct a manifestation of God's 
power in the world as it would be for a child to study the strap 
with which he is being punished, or the mental attributes of 
the father who is behind the strap. It was only one hundred and 
fifty years ago that Franklin sent up his famous kite, and showed 
that these thunder bolts were identical with the sparks which 
he could draw on a winters night from his cat's back. Then, 
thirty years after that Volta found that he could manufacture 
these same thunderbolts artificially by dipping dissimilar metals 
into an acid. And, thirty years farther along Oersted found 
that those same thunderbolts when tamed and running noise
lessly along a wire would deflect a magnet, and with that dis
covery the electric battery was born, and the erstwhile blustering 
thunderbolts were set the inglorious task of ringing house bells, 
primarily for the convenience of womankind. Then ten years 
later Faraday found that all he had to do to obtain a current 
was to move a wire across the pole of a magnet, and in that 
discovery the dynamo was born, and our modern electrical age, 
with its electric transmission of power, its electric lighting, its 
electric telephoning, electric toasting, electric foot warming 
electric milking,—all that is an immediate and inevitable con
sequence of that discovery—a discovery which grew out of the 
faith of a few physicists that the most mysterious, most capri
cious and the most terrible of natural phenomena is capable of 
a rational explanation and ultimately amenable to human control. 

In that statement, I have revealed the top root of the 
civilization of the nineteenth century. Add to it a bit to cover 
the harnessing of steam, and the development of the principle 
of the conservation of energy, and you have an epitome of the 
progress of the nineteenth century. It all grew out of the ap
plication of a few, a relatively few, discoveries as to the way in 
which nature works. 
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And at the end of the nineteenth century there were many of 
us physicists and engineers who thought that all the great 
discoveries had been made. It was a common statement that 
this was so. I heard it publicly made in 1894, and yet within a 
year of that time I happened to be present in Berlin at the meet
ing of the Physical Society at which Roentgen showed his first 
photographs, and since that time we have had a whole new 
world, the very existence of which was undreamed of before, 
opened up to our astonished eyes. We have found a world of 
electrons which underlies the world of atoms and molecules 
with which we had been familiar, and the discoveries in that world 
have poured in so rapidly within the last twenty years that there 
are no two decades in human history that compare at all with 
them in the rapidity of the advance. And these discoveries 
have been made too for the most part by groups of men interested 
merely in finding out how nature works. They have been 
made almost exclusively by college professors; and for ten years 
they remained the exclusive property of these professors. What 
has happened in the last ten years? The industrial world has 
fallen over itself in the endeavor to get hold of these advances, 
and by their aid it has increased ten-fold the power of the tele
phone, it has obtained four or five times as much light as we 
got a few years ago out of a given amount of electrical power, 
it has developed new kinds of transformers the existence of 
which was never dreamed of before—all these things are coming 
now, it is not in the distant future, that we are going to find the 
applications; we have found in the last five years a great quantity 
of them, and how many more are going to come, no man can tell. 

And yet we must not focus our attention too intently upon the 
utility of a discovery. Did you ever hear the story of what 
happened when Faraday was making before the Royal Society, 
in 1831 that experiment to which your Chairman referred. He 
performed his experiment, and then explained it. It was simple, 
it did not look particularly interesting. One saw only a de
flection of a needle. And some woman in the audience said, 
"But Prof. Faraday, of what use is it ?" His reply was, "Madam 
will you tell me of what use is a new born babe?"—and what a 
reply it was? Infinite possibilities—possibilities which may 
indeed not be realized, but at any rate something altogether new. 
Faraday did not care of what immediate use that new thing was, 
for he was one of the great souls who had caught the spirit of 
Gallileo. He knew that human progress depends primarily 
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upon the growth of the human mind, the ability of man to get 
hold of nature. The utilities might come, they always do 
come, but they generally crop out as by-products, and the man 
who has got his mind fixed merely on utilities is simply the man 
who kills the hen to get the golden egg. I have just as much 
respect for utilities as you or anybody has, I believe that nothing 
is worth while except as it contributes in the end to human 
progress, but the difficulty is you cannot tell, nor can I or any
body else tell what is going to contribute to human progress. 
The thing that is important is that the human mind should grow. 
That is the sine qua non of progress. At the Capitol in Harris-
burgh there is a picture by Sir Edwin Abbey, which is entitled, 
"Wisdom, or the Spirit of Science." It CQnsists of a female 
veiled figure with the forked lightnings in one hand, and in the 
other the owl and the serpent, the symbols of mystery; and 
beneath is the inscription,— 

"I am what is, what hath been and what shall be. 
My veil has been disclosed by none 
What I have brought forth is this: The sun is born." 

It is to lighten man's understanding, to illuminate his path 
through life, and not merely to make it easy, that science exists. 
Hence, if you ask me what are the utilities of the particular cate
gory of discoveries which I am going to run over here very rap
idly, I may be able to tell you of a good many of them, but I shall 
not try to catalogue them all, because that is not where our 
immediate interest lies, It is "where there is no vision" That 
"the people perish." 

Finally, before launching upon the sea of recent discovery, I 
wish to make one more remark about the method of science, 
namely this: The progress of science is almost never by the 
process of revolution. You see a great deal in your news
paper headings about revolutionary discoveries. They almost 
never happen. Thus when the atom was found not to be an 
ultimate but a divisible thing, there was no revolution, there 
was not a single law that had to be given up. We had 
simply opened up a new field, tapped a new lead, found an 
unexplored region, a sub-atomic region, and all that was above 
it remained just exactly as it had been, and no chemist had any 
occasion to be disturbed, for the chemists' laws were just as 
precise as they had been before. Sometimes we do indeed 
find that we have generalized too far, and that some law which 
we had supposed to be of universal application is limited in its 
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scope, but this does not alter the fact that the growth of science 
is in general by a process of accretion, almost never by that of 
revolution. Once in a while we have something revolutionary, 
but not often. 

Let me now run over a list of ten discoveries which I will call 
the ten most important advances of the last twenty years. I 
will not keep you long upotfi them, I will just touch upon them, 
because I could spend the whole evening on any one of them. 

We may aptly characterize the physics of the last twenty 
years as the physics of atomism, and the first discovery on my 
list of ten advances is the recent verification of the adumbrations 
of the Greeks regarding the atomic and the kinetic theories— 
the proof that, â s Democritus had imagined 500 B. C., this 
world does indeed consist, in every part of it, of matter which is 
in violent motion. 

Up to within six years there were not a few distinguished 
scientists who withheld their allegiance even from these atomic 
and kinetic theories of matter. The most illustrious of them 
was Professor Wilhelm Ostwald, but in the preface to a new 
edition of his Outlines of Chemistry he now says frankly: 

"I am convinced that we have recently become possessed of 
experimental evidence of the discrete or grained nature of matter 
for which the atomic hypothesis sought in vain for hundreds 
and thousands of years. The isolation and counting of gaseous 
ions on the one hand . . . . and on the other the agreement of the 
Brownian movements with the kinetic hypothesis. . . .justify 
the most cautious scientist in now speaking of the experimental 
proof of the atomic theory of matter. The atomic hypothesis is 
thus raised to the position of scientifically well-founded theory." 

I think you all know what the Brownian Movements are but 
I wish especially to call attention to the fact that this advance 
was made not by a practical man, but by a man who never did 
any experimental work in his life, Einstein, a mathematician, a 
man who was capable of analyzing a theory and predicting 
results, and the experimentalists have checked those results. 
The results consist in predicting how far a given particle that 
you can see in an ultra microscope will drift in a given time, and 
our own experiments have checked this prediction to within 
one-half per cent. It is that sort of evidence that has convinced 
Ostwald of the correctness of the kinetic and the atomic theories. 

The second advance is the proof of the divisibility of the atom, 
a proof which grew out of the discovery of X-rays. Let me 
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tell you how. If you have here two plates with an electric 
field between them, and nothing else but a monatomic gas like 
helium, then it is found that when the field is thrown on the 
helium is perfectly stagnant, but when a beam of X-rays is 
shot between the plates some of the molecules become electric
ally charged and begin to jump, some of them toward the upper 
plate and some toward the lower plate, where their presence can 
be detected by an electrical measuring instrument. What does 
that show? It shows that the thing which we call an atom has 
electrical charges as its constitutents; and the history of the 
last twenty years in physics has consisted pretty largely in 
determining what are the properties of these electrical constit
uents. 

The third is the discovery of radio-activity, which occurred 
just a little after the discovery of X-rays. And here again we 
found matter doing things we had never dreamed it was doing 
viz: shooting off from itself both negatively and positively 
charged particles, the negatives with a speed which may ap
proach close to the velocity of light, 186,000 miles per second, and 
positives with a speed of one-tenth of that, or 18,000 miles. The 
fact that such speeds could be imparted to projectiles of any kind 
was undreamed of twenty years ago. 

The fourth discovery that I wish to mention is the discovery 
of the atomicity of electricity, the proof that the thing we call 
electricity is built up out of a definite number of specks of elec
tricity, all exactly alike, and that what we call an electrical current 
consists simply in the journey along the conductor of these 
electrical specks, which we may call with perfect justice definite 
material bodies. Now, I can give you in just a word the proof 
of that statement. There are half a dozen ways in which it 
could be approached. I will mention the one with which I am 
most familiar, because it is the particular proof which we worked 
out at our laboratory. 

We took these plates with a field of 10,000 volts between 
them, with a little hole in the top plate, and we blew an oil 
spray above the top plate so as to get an electrically charged 
body just as small as we could, for we expected that the frictional 
process involved in blowing the spray would charge the drops, 
which it was found to do. We let one of those drops come into 
the space between the plates and then moved it up and down 
by an electrical field, throwing on the field as it came close to 
the bottom plate, and throwing it off as it approached the upper 
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one, and so we kept that oil drop going up and down between 
the plates, in the hope that it would capture some of the ions 
which we knew existed in the air, put there by .radium or other 
agencies. The drop met our fullest expectations as a police 
officer capturing ions frequently and signalling the fact of each 
capture to the observer by the change in its speed in the field. 
For the oil drop is an electrically charged body, and in a given 
field it moves with a definite speed. If however it captures an 
ion, its charge increases or decreases, and hence its speed in
creases or decreases. If the charges on ions are all alike, then 
we can only get one particular change in speed. If the charge 
that is already upon it, put there by the frictional process, is 
built up out of these same units, then the total speed which the 
field will impart must be an exact multiple of the change in speed 
which the capture of an ion produces. In other words, if elec
tricity is atomic in structure, you cannot get in a given field 
anything except a definite number of speeds, which will make an 
arithmetical series, that is, will come up by steps, one, two, three, 
etc. That is exactly what we found. We have experimented 
with thousands of drops and scores of different substances, and 
they always work exactly that way. Both positively and 
negatively charged drops are found to act in quite the same way, 
showing that both positive and negative electrical charges are 
built up of specks of electricity. Further we can count the 
number of those specks, which we will call electrons, in a given 
drop, with the same certainty with which you can count the 
number of fingers that are before you now. And again since 
Rowland showed that an electrical current is nothing but a 
charge in motion, you have here the proof that the electrical 
current that goes through these lamps, for example, is nothing 
except the motion of a certain number of electrical specks 
through or over the filament of the lamp. Add to that J. J. 
Thomson's discovery made in 1881, that an electrical charge 
possesses inertia, the only distinguishing property of matter, and 
you have made it perfectly legitimate to say that an electrical 
current in a wire is a definite, material, granular something which 
is moving along that wire. 

The fifth great discovery of modern physics is the bringing 
forward of evidence for the electrical origin of mass. I have 
just said that electricity is material. Can we turn it around, 
and say that all matter is electrical in origin? The last is not 
exactly the same as the first, and it needs evidence. When we 
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have proved that an electrical charge possesses inertia or mass 
we have not shown that there is no inertia in matter which is not 
electrical in its origin? Now we have a certain amount of evi
dence upon this point and I wish to state what that evidence is. 
We can measure the inertia of the negative electron and it is 
found to be °f the inertia of a hydrogen atom, but the 
positive electron is never found with an inertia less than the iner
tia of a hydrogen atom. Let us consider the inertia of the 
negative. So long as it is moving slowly compared with the 
speed of light its inertia remains constant because the shape of 
its electromagnetic field is not appreciably distorted by its 
motion. But as soon as you imagine it to be moving with 
a speed which is close to the speed of light, that is with a speed 
which is nearly as great as the speed with which its own electro
magnetic field can travel forward, then further change in speed 
will distort the field and hence change the inertia. In 
other words, the inertia of a charge ought to be a function 
of speed only when the speed approaches the speed of light. 
As a matter of fact, when it is from 0.1 up to 0.9 of the speed 
of light, you can compute just how it ought to vary. Now, by 
some happy chance the physicist has found negative electrons, 
namely those shot off by radium, which are going with these 
speeds, and hence it is possible to test our theory for these 
particles and see whether the rate of change of their inertia 
with the speed checks with the theoretical value. It is found 
that there is such a check. This means that there isn't any 
inertia in those particles which does not obey the electromag
netic laws. Therefore, we have good reason for assuming that 
the negative electron is nothing but a disembodied electrical charge, 
and that its inertia is wholly of electrical origin. 

Now, with respect to the positive electron, we haven't that 
evidence as yet, but it is obviously in the interest of simplicity 
to assume one kind of inertia rather than two. Further, we 
have a little bit of evidence of this kind, and I wish to mention 
what it is, because that will furnish an introduction to my sixth 
important modern discovery. We have good reason to think, 
at any rate, that there is only one positive electron in the hy
drogen atom, but that the mass, or inertia of that positive is 
almost the mass of the hydrogen atom—at any rate we never 
find it any less. Now if this inertia is all electrical then we know 
from theory that the charge must be more condensed in the 
positive than in the negative, consequently, if we are going to 
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make the observed inertia of the hydrogen nucleus all electrical, 
it must be even a more dense charge, that, is a smaller body, 
than is the negative charge. So, we first get the picture by 
that kind of a theory of an atom which has an extraordinarily 
minute single positive nucleus, and negative electrons around 
the outside. We first got this picture by that kind of a theory, 
but we don't depend upon that theory now, because we know that 
the conclusion is correct. We know that the atom does consist 
of a body with a positive nucleus which is extraordinarily minute, 
and we can tell just how large it is, if we define the nucleus as 
the part of the atom that is impenetrable to the alpha rays of 
radium. 

This brings me to the sixth of our discoveries namely the 
discovery of the nucleus atom. Let me give you just a brief 
statement of how we know that the atom is somewhat like a 
miniature solar system, with an extraordinarily minute nucleus, 
the size of the nucleus never being more than 1/100,000 part 
of the diameter of the atom, with a certain number of subsidiary 
bodies—negative electrons—which we should liken to the 
planets, somewhere around the outside. How do we know that 
is the case? We have this direct evidence. Nature takes a 
helium atom which is going with a speed of 18,000 miles per 
second, and nature shoots that atom right through a glass wall 
without leaving any hole behind, and without in any way 
interferring with the structure of the molecules of the glass. 
I can show you photographs that make the thing so clear that 
the wayfaring man can see it, you don't need to be a physicist. 
I will do so at the end of the hour, if there is time. This obvi
ously means that the positive nucleus itself must be extraordi
narily minute. Indeed the fact that the negative electron ac
tually shoots through those hundreds of thousands of atoms 
without ever going near enough to any constituent of those 
atoms to knock any one of them out, and the fact that the positive 
nucleus of helium, viz; the alpha particle, shoots through even 
more molecules without being deflected at all from its course, 
causes one to wonder whether there was anything at all that is 
impenetrable in the atom. Why do we say there is a nucleus 
there? Because direct experiment says there is. There is a 
certain portion of the atom which the alpha particle itself 
cannot penetrate. If the impact is head on, the alpha particle 
goes right up to the atom and then it backs straight 
back again, or if it comes up to the atom at an angle like this it 
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goes off that way. (Illustrating.) It is only rarely that that 
happens, but Rutherford and Geiger and Marsden counted the 
percentage of alpha particles which goes straight on, and the 
percentage which goes off here, and in that manner, by per
fectly simple algebraic analysis that any one of you can under
stand, without any assumption at all except the law of inverse 
squares, which can hardly be called an assumption, at least so 
far as the attraction between the positive nucleus and the nega
tive electron is concerned we find how big that nucleus is. By 
the size of the nucleus I mean the size of that portion of the 
atom which is impenetrable to the alpha particles. It comes 
out something like 10 - 1 3 centimeters. The diameter of the 
atom is 10 - 8 . Furthermore, by counting how the deflections of 
the alpha particles are distributed around this sphere, which 
we can do directly with the aid of zinc sulphide spread over the 
inside of the sphere we can obtain the number of alpha particles 
deflected through any given angle, and then with a little 
analysis of unquestionable correctness, we find how many unit 
charges, positive electrons, there are in this exceedingly small 
nucleus, and it comes out approximately one-half of the atomic 
weight. 

Now, I come to another extraordinary discovery which did 
not merely tell us approximately how many electrons there are 
in the nucleus but it told us exactly how many there are, and the 
result checked too with the number obtained by the foregoing 
approximate method. This brings me to the recent discoveries 
in the field of X-rays, and I will call the seventh of the modern 
advances the discovery of the nature of X-rays, which was 
virtually made by Barkla in 1904. For Barkla and others had 
proved that there are two types of X-rays, first, X-rays which 
consist in simple ether pulses pushed off from an electron when 
it changes its speed; and second so-called characteristic X-rays 
which are formed thus. When the electrons bump into a target 
they set something in the target into vibration, and this 
something sends off perfectly definite characteristic X-rays, 
which are like monochromatic light. So, we have two 
types of X-rays, pulse X-rays, like white light, and mono
chromatic X-rays, like monochromatic light, such as mer
cury gives rise to. That is the seventh of our great modern 
discoveries and it must be credited chiefly to Barkla. 

The eighth I will call the discovery of crystal structure by the 
study of X-rays, which is due to Laue in Munich, and Bragg, 
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in England. The method is simply this. You know that we 
analyze light by a grating which consists of a series of equally 
spaced lines on a reflecting or transmitting surface. With such 
a device we can split light up into a spectrum but we cannot thus 
split it up unless the width of the grating space is comparable 
with the wave length of the light. In the case of X-rays, we 
had no knowledge of gratings whose grating spaces were anything 
like as small as the wave length of X-rays, in fact such gratings 
were unknown until Laue had the bright idea of using the regular 
arrangement of the atoms in a crystal for a grating to see whether 
that would not do the work, and it did the work marvelously 
well. It was found that we could compute the grating space of 
certain crystals from the density and the atomic weight and then 
from the observed spectrum find the wave length of X-rays. 
And now knowing the wave length we can work backward and 
find the grating-space for other crystals. We are now using 
this method for finding the positions and the arrangements of 
the atoms in crystalline bodies. Prof. Bragg in his recent 
book on X-rays and crystal structure has described this work 
very beautifully. Thus a whole new field of experimentation has 
been opened up and is being pursued in a great many labora
tories, and with particular success by A. W. Hull at the labora
tory of the General Electric Company. There are almost un
limited possibilities for the chemist in the discovery of the exact 
position of the atoms in any kind of crystal by this method. 

But the results of this discovery as of most of the others 
which I have mentioned are rather insignificant when compared 
with those of the ninth which I am going to mention, namely the 
discovery of the relations between the elements, and the extension 
of our knowledge of the radiations emitted by different sub
stances. This discovery was made by a young Englishman only 
twenty-six years old, Moseley, who has already, unfortunately, 
fallen a victim to this juggernaut which is at the present time 
crushing out the finest scientific brains iri the world. Moseley 
was killed at the age of twenty seven a year after he made his 
epoch-making discovery, and all the lives and all the interests of 
the eternally infamous men who made this war are not to be 
compared in value to the world with a hair of Moseley's head. 
Yet he had to be sacrificed to save a threatened civilization. 
A double honor to Moseley. 

His discovery was this: He was analyzing the characteristic 
X-rays which are given off when any kind of a substance is 
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bombarded with cathode rays. The experiment was in my 
judgment as brilliantly conceived, as carefully and skillfully 
carried out, and as illuminating in its results, as any which has 
been done in the last fifty years. What he found was this, that 
the atoms of all the different substances emit radiations or 
groups of radiations which are extraordinarily similar, but that 
these radiations differ as we go from substance to substance 
in their wave lengths. The whole discovery can be stated in 
this fashion: If you take the highest frequency emitted by a 
given atom, and if you lay down on a table a length which is equal 
to the square root of this frequency, and if on top of that you 
lay down the square root of the frequency of the atom which 
has the next lower frequency, and so if you continue to lay down, 
with one group of ends together, the measured square root 
frequencies of all the elements that you can study, then what 
have you got? You find that you have a flight of stairs, with 
perfectly definite equal treads; that is, the frequencies change by 
definite steps as you go from element to element. And there 
are only four vacant treads between the lightest element which 
Moseley could study, namely aluminum and the heaviest one, 
namely, lead, thus indicating that there are only four elements 
in this range which we have not already found. An ex
tremely interesting question is, what is the greatest common 
divisor of this series of steps, that is, what is the top step ? There 
are two ways to get at it. One is by filling all the spaces up to 
aluminum with known elements in the order of their weights— 
we cannot investigate the lighter ones by the X-ray method 
because their frequencies are too low; at least we have not yet 
found how to investigate them. Now there are just twelve 
elements below aluminum, so we may put them all in, starting 
with hydrogen. That would make hydrogen correspond to the 
top step. The second way is to find arithmetically the greatest 
common divisor of the square root frequencies. This gives us a 
frequency which is within a few per cent of the highest frequency 
which hydrogen can produce, according to Lyman's measure
ments in the ultraviolet region of optical radiations. This 
indicates again that hydrogen is the element corresponding to 
the first step. All of this seems to mean three things, it means 
first that the X-rays of hydrogen are just its ordinary visible 
radiations; second it means that Moseley opened up a whole 
new field of radiation, beginning with the radiations of hydrogen, 
and extending up to a frequency (92) 2 or 8464 times as high as 
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that given by hydrogen. I have squared 92 because 92 is the 
number of the step corresponding to uranium, the heaviest 
known element, and the one having the highest frequency in 
its characteristic X-rays. Moseley's discovery means in the 
third place, almost certainly, that the elements are built up one 
from another by successively adding the nucleus of the hydrogen 
atom. The probable reason for the change in frequency as the 
nucleus takes on a stronger and stronger charge is that the 
electron sending off say the highest characteristic frequency is in 
a stronger electrical field in the helium atom, for example, than 
in the hydrogen atom, and so as the charge on the nucleus goes 
up by successive steps in going from element to element fre
quencies go up by corresponding steps. 

We may then picture with considerable confidence this whole 
physical world as built up out of one positive and one negative 
electron. The positive electron is the nucleus of the hydrogen 
atom. It is every minute in comparison w'th the negative, 
but much more massive, when two free positive electrons are 
tied together we have the helium atom. We don't know why 
these positives cling together. We can assume, as an hypothesis, 
that there are four positives in helium which are held together 
by two negatives, thus leaving but two free positions as experi
ment indicates is the case. The assumption here is that in the 
nucleus one negative is capable of holding two positives. This 
assumption would make the nucleus of any atom contain a 
number of negatives equal to the atomic number and a number 
of positions equal to twice the atomic number. So much for a 
very brief and incomplete sketch of Moseley's contribution to 
modern physics. 

My last of the great discoveries of modern physics is one that 
I will just touch upon. It is the discovery of quantum relations 
in photo-electricity, in X-rays, and in optical spectra; but here 
I am coming to a field which we do not know very much about, 
which we do not yet understand, and my main motive in intro
ducing it is to convince you that the physicist, in spite of all 
he knows, or thinks he knows, is a fairly modest fellow, because 
there are some things he knows he doesn't know, and one at 
present is the nature of radiation. However, we know some 
things about it that are new. For example, it is an extraor
dinarily interesting fact that when light of the X-ray type, or 
indeed, light of any frequency falls upon say a lithium or sodium 
surface, or upon almost any surface, it has the property in some 



1917] MILLIKAN: MODERN PHYSICS 711 

way of taking hold of a negative electron in the atoms of that 
surface and of hurling that electron out with a perfectly de
finite speed, which we can measure, and which we find to be 
exactly proportiona1 to the frequency of the light. That is an 
extraordinary phenomenon, and it is one that we explain on a, 
kind of quantum theory which I will not attempt to go into here, 
because of the fact that we have not yet worked it out fully, 
so that I cannot give you anything very definite about it; but 
at any rate, the quantum constant comes out of the photo
electric effect, as shown in my own work, out of X-ray work as 
discovered by Duane and Hunt at Harvard, and out of spectro
scope work, as shown by Bohr in the beautiful theory of the 
atom which he has developed within the last three or four years. 

I think I have brought you in this brief survey to the very 
outmost boundaries of our present knowledge. Bring me back 
ten years from now, and we will know more about these quantum 
theories; but for the present I will stop, and close this hasty 
survey of the problems and successes of modern physics with a 
few reflections which are based upon historical studies. 

At the University of Chicago I have a friend by the name of 
Braested, who is an Egyptologist. Braested tells me that he 
and his fellow Egyptologists have proof that less than 100 years 
elapsed from the time when, about five thousand years ago, the 
Egyptians knew so little about building that the best they 
could do was to pile crude rows of uncut stone around their 
dead, to the time when some of the great pyramids were built, 
structures which represent in some ways the height of the 
builder's art, structures on which the surfacing is so perfect 
that huge granite blocks eighteen feet on a side are joined to
gether without cement and with not as much 1/100 of an inch 
of space anywhere between them. That kind of engineering we 
do not do now, luckily wre do not have to do it, but it is doubtful * 
if we could do it if we would. I am mentioning this to bring-
out the fact that Egypt, at that time, got the key to a certain 
kind of development, and pushed that development to a mar
velous degree of perfection. Indeed there was in that century, 
so Professor Braested says, an industrial progress which has 
never been equalled at any time in the world's history until 
within the last one hundred years, when the modern industrial 
revolution set in. 

Go now to Greek history, and we find the same sort of a 
situation. About 500 B . C . the Greeks got the key to a certain 
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type of progress, and they developed a civilization which on the 
intellectual side, and on the artistic and aesthetic side, has 
never been equalled. The Greeks, like the Egyptians, got the 
key to a certain kind of civilization and they worked it out to 
marvelous perfection; but in neither case did these men or these 
races go on; they did not open up new fields; they did not tap 
new mines. Their civilization came to an apex, and then de
cayed, and the question has often arisen in your minds, as it 
has in mine, is this age in which we are living going to follow in 
the same way? Have we risen to a maximum? Have we had 
a period of marvelous development which is going to be followed 
by one of decay and stagnation, or are we going to ascend to 
higher and higher levels? No man can answer that question, 
but this I know and this you know, that it was wholly unneces
sary that Greek civilization, or that Egyptian civilization should 
stop when it did. If they had developed the modern scientific 
spirit, the spirit of search for new phenomena and new methods, 
they could have found them. There were plenty of new mines for 
them to tap, plenty of unexplored fields to search out. But 
they did not do it. As for us I feel just as sure as Shakespeare 
did that "there are still more things in heaven and earth than 
are dreamed of in our philosophy," and if we stop, it will be 
because we have forgotten the lesson which Gallileo first tried 
to teach, and which we have been learning in the last one hundred 
years, and that is the lesson of research. It is the lesson, the 
philosophy, the method and the faith of modern physics. That 
is our hope, and if we keep that, if we don't call in our scouts 
because the rewards are larger in the applications, then I haven't 
any doubt that our civilization will go on; and if we do call in 
our scouts here in this country, then our civilization will give 
place to that of some other country which does not do so, but 
which learns the value for the human race of the spirit of modern 
scientific research. 


